Whole peanut or cashew extracts are usually used in immunotherapy. Reducing major allergen(s) in the extracts may lessen their side effects. Three methods were evaluated to reduce major allergens in peanut extracts: (1) p-aminobenzamidine; (2) magnetic agarose beads; and (3) extraction of a commercial peanut flour at pH 7, respectively.
| INTRODUCTION
Peanut allergy is common and is a major public health concern. Peanut allergy is the most common cause of anaphylaxis in children and has become more prevalent in recent years. Strict peanut avoidance is the primary strategy to preventing anaphylaxis. However, such a strategy is almost impossible nowadays because many food products may contain food allergens in small amounts due to cross-contamination caused using the same machinery for more than one food product.
Peanut proteins may be undeclared or hidden in foods due to processing steps performed with the same machinery that processes peanuts or peanut products. Thousands of children are reported to visit the emergency rooms annually due to accidental ingestion of undeclared peanuts in foods (Hochstadter et al., 2016) .
Various forms of immunotherapy are being investigated as treatment options. These include oral (i.e., introducing small doses of peanut proteins by mouth and gradually increasing the amount) (Tang & Hsiao, 2016) , subcutaneous (i.e., peanut allergy shot) (Nelson, Makatsori, & Calderon, 2016) , sublingual (i.e., peanut proteins in the form of drops introduced under the tongue) (Sindher, Fleischer, & Spergel, 2016) , and epicutaneous immunotherapy (i.e., delivering peanut proteins through the skin via a patch on the skin) (Jones et al., 2016) . They all have a common goal -to desensitizing peanut-allergic individuals and induce the immune system to tolerate peanuts.
Despite some success, immunotherapy has limitations due to safety issues and risk of side effects. In many cases, people with severe peanut allergy cannot enroll in immuno-therapy programs because whole peanut extracts containing the allergens are usually used. For instance, three of the above methods (i.e., subcutaneous, sublingual, and epicutaneous) involve using a whole peanut extract while in oral immunotherapy peanut flour is used. The high risk of adverse reactions associated with whole peanut extracts suggests a need for less allergenic peanut extracts for immunotherapy. Less allergenic peanut extracts may be beneficial because individuals with peanut allergy may be able to tolerate these extracts during immunotherapy.
In peanuts, Ara h 1 (63 kDa) and Ara h 2 (18-20 kDa) are two major allergens that are recognized by more than 90% of peanut allergic patients (Montserrat et al., 2015) . Modifying the allergens through chemical or physical means is reported to result in a less allergenic peanut extract.
For instance, treatment of peanut extracts with oleic or tannic acid (Chung, Mattison, Reed, Wasserman, & Desormeaux, 2015; Chung & Reed, 2012) and pulsed UV light (a non-thermal processing) (Chung, Yang, & Krishnamurthy, 2008; Zhao et al., 2014) have been shown to result in a decrease of IgE (immunoglobulin E) binding to Ara h 1 and Ara h 2. In one study, Ara h 2 has shown decreased binding to IgE when reduced and alkylated by dithiothreitol (DTT) (Apostolovic et al., 2013) .
Here, we present three simple methods to produce peanut extracts lacking Ara h 1. These included: (1) p-aminobenzamidine (pABA) to induce precipitation and removal of Ara h 1 from an extract; (2) magnetic 6% cross-linked agarose beads to separate and remove Ara h 1 from an extract; and (3) extraction of commercial roasted peanut flour at pH 7 to obtain an extract lacking Ara h 1. pABA (in 1st method) is a protease inhibitor commonly used for purification of trypsin or serine proteases (Fasoli et al., 2013) and carries free amino groups which can be activated to cross-link with and potentially induce precipitation of proteins (Evans, Olson, & Shores, 1982) . Cross-linked agarose beads (in second method) are spherical beads of gels commonly used in gel filtration or molecular size exclusion chromatography to fractionate proteins (He, Huang, Wang, Zhang, & Li., 2014) . Several studies have shown that the agarose can selectively bind proteins, peptides, or polyphenols (Tan, Su, Gu, Xu, & Janson, 2010; Zhang et al., 2010) .
Lastly, extraction at pH 7 (in third method) was adopted because pH is reported to have an effect on extraction of proteins of different molecular weight or ionic charges (L'Hocine & Pitre, 2016) . In this study, we presented peanut extract profiles that contained mostly Ara h 2 and a homologous allergen Ara h 6 (Ara h 2/6), but not Ara h 1 following treatments with the above individual methods. In addition, we determined if allergens (Ana o 1, 2, and 3) (Reitsma et al., 2016 ) from a cashew extract can be separated or removed in the same way.
| MATERIALS AND METHODS

| Materials
Para-aminobenzamidine hydrochloride (pABA), glycine sodium salt and other L-amino acids, 50% glutaraldehyde, trypsin, sodium borate International (Everett, WA). Defatted roasted peanut meals were prepared from roasted Jumbo peanuts . Cashew nuts were purchased from nutsonline (https://nuts.com/). Amicon Ultra Centrifugal filters (0.5 ml, 10K) were purchased from Millipore (Billerica, MA). Magnetic 6% cross-linked agarose beads (20-75 μm) were purchased from BioScience Beads (West Warwick, RI). Golden medium-and light-roasted peanut flour were gifts from Golden Peanut and Tree Nuts (Alpharetta, GA).
| Preparation of peanut and cashew extracts
Peanut extract was prepared according to the method of . Briefly, defatted peanut meals (0.1 g) were stirred in 50 mmol/L sodium borate buffer (1 ml), pH 8.5 (for pABA reaction) or in 20 mmol/L Tris buffer, pH 7 (for magnetic beads) for 45 min at room temperature, and then centrifuged at 8,000 g for 5 min. The final extract was analyzed for protein concentration using the BCA assay. In a separate experiment, medium-or light-roasted peanut flour (0.3 g) was extracted at various pH (3, 7.4, and 8.5) in citrate buffer, PBS, and 50 mmol/L borate buffer (1.5 ml), respectively, for 45 min and then centrifuged as described above. The protein concentration of each extract was also determined. 
| Treatment of peanut and cashew extracts with pABA or amino acids
Peanut or cashew extract (diluted in 50 mmol/L sodium borate buffer, pH 8.5) was mixed with an equal volume of pABA, followed by the addition of an aliquot of 50% glutaraldehyde. The final concentrations of the extract, pABA, and gultaraldehyde were, respectively, 0.5 mg/ml, 20 mmol/L, and 1%. The mixture was then stirred for 2 hr, after which precipitates were removed and the resulting extract was concentrated by centrifuging in a centrifugal filter unit (10 kD cut-off) at 14,000g for 5 min, followed by adding PBS (400 μl) and repeating the concentration process to remove excess pABA. The final concentrate was retrieved by centrifuging at 1,000 g for 2 min. The protein concentration was then determined in a BCA assay. The protein recovery was determined as follows: % protein recovery = (total mg of proteins in concentrate) × 100/total mg of proteins in extract applied. The same experiment was repeated using an amino acid (glycine, phenyl-alanine, or aspartic acid) instead of pABA. All treated and untreated samples were then subjected to SDS-PAGE.
| Pretreatment with PEG derivative and then with amino acid or pABA
Peanut extract (1 mg/ml, 1 ml) was incubated with polyethylene glycol (PEG) derivative, namely, NHS-PEG-COOH (N-hydroxylsuccinimide-PEG-COOH) (50 mol/L) in PBS (pH 7.4) for 1 hr at room temperature and then centrifuged in a filtering unit to remove excess PEG derivative. The pH of the resulting extract was then adjusted to 6.5 before adding glycine or pABA (20 mmol/L). and carbodiimide (50 μmol/L). After 1 hr, the reaction mixture was diluted in PBS and concentrated by centrifuging in a filtering unit.
| SDS-PAGE and Western blot analyses of pABAtreated peanut and cashew extracts
Peanut or cashew extracts (1 mg/ml, 5 μl) treated or untreated with pABA were applied to a 4%-20% gel according to the method of . After SDS-PAGE, the gel was stained with an AquaStain solution or transferred to a PVDF membrane in an iBlot apparatus. IgE binding was determined as previously described with a pooled plasma containing IgE antibodies against peanut or cashew allergens, followed by detection using a mouse antihuman IgE-peroxidase (for peanut) or biotinylated anti-IgE (for cashew).
IgE binding was visualized by reaction with 4-chloro-1-naphthol (peanut) or IRdye-680-labeled streptavidin.
| Treatment of peanut and cashew extracts with magnetic 6% cross-linked agarose beads
Prior to treatment, magnetic beads (1 ml) were washed twice with 1 mol/L NaCL in 20 mmol/L Tris buffer, pH 7 (3 ml each time), and then 5× with the Tris buffer (3 ml each time). Peanut or cashew extract (1 mg/ml) (1 ml) was added, and the bead mixture was rotated for an hr at room temperature. The extract was then separated and removed from the beads using a magnetic device. The remaining beads were washed 7× with 20 mmol/L Tris buffer, pH 7 (3 ml each time) in order to remove residual extract. Sodium chloride (1 mol/L NaCl, 1 ml) was then added to the beads to release the bound proteins. The elution time was 5 min before using a magnetic device to separate the beads from the NaCL solution. The resulting solution was concentrated by centrifuging in a centrifugal filter (10 kD cutoff) as described above. The sample was then subjected to SDS-PAGE analysis.
| Extraction of partially defatted peanut flour at various pH
Extracts from light-and medium-roasted partially defatted peanut flours were prepared at different pH (3, 7.4, and 8.5) by stirring the flours (0.5 g) in 10 mmol/L citric-phosphate buffer (pH 3), PBS (pH 7.4), or 50 mmol/L sodium borate buffer (pH 8.5) for 40 min and centrifuging at 8,000g for 10 min. The resulting extracts were then applied to SDS-PAGE.
| RESULTS
| Effect of pABA on peanut and cashew allergens in extracts
pABA has two free amino groups (Figure 1 ). Its effect on or crosslinking with peanut allergens in the presence of glutaraldehyde was compared with that of glycine which has only one free amino acid.
Results with peanut allergens showed that prior to treatment with pABA, peanut extract contains a number of proteins, including the allergens Ara h 1 (63 kDa), Ara h 2 (18-20 kDa) and Ara h 6 (14 kDa) (Figure 1, lane 3) . After treatment, the extract contained only Ara h 2 and Ara h 6 (Ara h 2/6), and not Ara h 1 or other proteins (lane 1). Ara h 1 and other proteins were not seen because they formed insoluble aggregates during the reaction and were removed from the extract prior to SDS-PAGE. When glycine was used instead of pABA, no precipitates but several other soluble high molecular-weight protein polymers (>135 kDa) were seen in the glycine-treated extract (lane 2). Also, a small portion of Ara h 1 in addition to Ara h 2/Ara h 6 remained in the extract, indicating that the majority of Ara h 1 were converted to the soluble high molecular-weight polymers. These polymers were thought to be aggregates of Ara h 1 because they were found to bind strongly to IgE antibodies (see IgE-binding section below). In summary, treatment with pABA and centrifugation resulted in an extract lacking Ara h 1 but retaining Ara h 2/6. The protein recovery in this case was 16%.
We also determined the effect of pABA on cashew allergens. The protein recovery in this case was 22%.
| Effect of phenylalanine and tyrosine on peanut allergens in extract
Because pABA possesses a benzene ring in addition to two amino groups, it is likely that the benzene ring in addition to the amino groups may also play a role in the precipitation of Ara h 1 from the peanut extract described above. We, therefore, determined if amino acids such as phenylalanine and tyrosine, which have a benzene ring, would induce Ara h 1 aggregation and precipitation from a peanut extract.
We observed that unlike the pABA treatment ( Figure 2a , lane 3), none of the amino acid treatments resulted in the precipitation of Ara h 1 from the extract (lanes 1-2) . Instead, the amino acid-treated extracts (lanes 1-2) contained soluble high molecular-weight protein polymers (>113 kDa) in addition to Ara h 2/6 and a small amount of Ara h 1. As indicated above, the polymers were probably Ara h 1 aggregates, thus leaving a small amount of residual Ara h 1 monomers in the extract.
| Effect of pretreatment with PEG derivative on peanut allergens in extracts
We demonstrated above that in contrast to pABA-treated extracts, soluble high molecular-weight polymers (>113 kDa) formed in glycine-or phenylalanine-treated peanut extracts. This makes amino acids unsuitable for producing less allergenic peanut extracts without Ara h 1. To prevent formation of soluble polymers, we introduced a PEG (polyethylene glycol) derivative, namely, NHS-PEG-COOH, into the extract prior to treatment with glycine or pABA in the presence of carbodiimide. The function of NHS-PEG-COOH was to prevent crosslinking between the allergens by blocking their free amino groups, thus leaving only free carboxyl groups available for activation by carbodiimide to cross-link with the amino group(s) of pABA or glycine.
Indeed, as shown in Figure 2b , high molecular-weight protein polymers did not form after pretreatment of peanut extracts with the PEG derivative and then with glycine or pABA in the presence of carbodiimide (lanes 4-5). In this case, the treated extracts contained mostly Ara h 2/6 without soluble polymers while the control (treated with PEG derivative but without pABA or glycine) contained both Ar a h 1
and Ara h 2 (lane 6).
| IgE binding of pABA-treated peanut and cashew allergens in western blot
IgE binding to pABA-treated nut extracts was evaluated by western blot to determine if there was a change in the allergenic capacity of the extract. We observed that after treatment with pABA, Ara h 2/6 exhibited a lower IgE binding (Blot, Figure 3a 
| Magnetic agarose beads to separate peanut or cashew allergens
Magnetic beads comprised of 6% cross-linked agarose were used to isolate peanut or cashew allergens in extracts. Extracts were mixed with the beads, followed by washing and retrieving the bound proteins using 1 mol/L NaCl. We found that Ara h 2/6 from the peanut extract were the only proteins recovered by NaCl (Figure 4 , peanut beads-T). Although undetected in SDS-PAGE, Arah 7/8 may exist in the fractions, but they could only be detected if specific antibodies were available.
F I G U R E 2 SDS-PAGE profiles of peanut extract treated with amino acid, pABA, PEG/glycine, or PEG/pABA. 1 = tyrosine-treated; 2 = phenylalanine-treated; 3 = pABA-treated; 4 = PEG/glycinetreated; 5 = PEG/pABA-treated; and 6 = NHS-PEG-COOH-treated (as control) The ability of NaCl to recover Ara h 2/6 from the beads suggests that the allergens bound to the beads through ionic interactions, and these interactions were disrupted by 1 mol/L NaCl, thus resulting in the release of Ara h 2/6 from the beads. The method was also applied to cashew extract, and we found that of the three major cashew allergens (Ana o 1, Ana o 2, and Ana o 3), only Ana o 3 was recovered by NaCl (Figure 4 , cashew beads-T). In all cases (i.e., peanut and cashew), there were no other proteins retrieved from the beads. This suggests that magnetic agarose beads could be used for removing Ara h 1 or Ana o 1/2 from peanut or cashew extract. The protein recoveries for Ara h 2/6 and Ana o 3 were 12% and 8%, respectively.
IgE binding was not performed on the isolated allergens because the indicated peanut and cashew allergens are consistent with the expected molecular masses in gel migration and besides, they did not undergo any changes or modifications following magnetic agarose beads treatment. The isolated allergens remained unmodified because the binding between the allergens and magnetic beads was mostly ionic interactions (see Discussion) which should not cause modifications to the allergens during or after isolation.
| Effect of pH on extraction of partially defatted peanut flour
Peanut allergens (Ara h 1 and Ara h 2/6) generally can be extracted from defatted peanut meals at a pH 3 or above (Chung & Reed, 2012; . However, this was not the case with the commercial medium-roasted peanut flour. Results showed that when the medium-roasted peanut flour was extracted at pH 7, Ara h 1 was missing and only Ara h 2/6 were seen in the extract ( Figure 5 , medium-roasted). Extraction at pH 3 showed a similar result (i.e., Ara h 1 missing in extract), and in addition to that, the resulting extract contained much less of Ara h 2/6. All three allergens were eventually seen when extraction was performed at pH 8. may only apply to the current commercial peanut flour. We evaluated this method on many roasted peanut meals and other peanut flours (commercially available), but none exhibited a lack of Ara h 1 after extraction at pH 7. Therefore, it is likely that it was the combination of the processing method of the selected peanut flour and the extraction (pH 7), which in some way made Ara h 1 harder to be extracted at pH 7.
| DISCUSSION
Three methods (i.e., pABA, magnetic 6% cross-linked agarose beads, and extraction at pH 7) have been described for the removal of peanut allergen Ara h 1 from a peanut extract. In the pABA method, Ara h 1 was precipitated because of the cross-linking between pABA, glutaraldehyde, and Ara h 1. However, when glycine or other amino acid was used, there were no precipitates observed, but rather, soluble high molecular-weight polymers were formed. The difference in formation of soluble high molecular-weight polymers between pABA and glycine with regard to precipitating Ara h 1 is likely due to the presence of amino groups and benzyl group in pABA. The extra amino group in pABA (compared to one in glycine) probably constituted a major factor in the multiple linkage and consequent precipitation of Ara h 1.
On the other hand, the majority of Ara h 2/6 did not precipitate most likely because they are smaller in size and contain very few amino groups that were available for multiple cross-linking between the allergens and pABA. Lehmann et al. (2006) has shown that Ara h 2/6 contain mostly nitrogen-and sulphur-containing amino acids Another simple method to remove Ara h 1 from a peanut extract or to separate cashew allergens was by use of the magnetic 6% crosslinked agarose beads. Cross-linked agarose is generally used in gel filtration to separate and purify proteins based on their molecular size, and has been shown to bind and separate proteins through ionic interactions (Tan et al., 2010; Chudasam & Siddhanta, 2015) . On this basis, we used magnetic beads to separate peanut or cashew allergens. The method was simple because the targeted proteins can be separated from the beads using a magnetic device. In this case, Ara h 1 was found to be separated from Ara h 2/6 by the magnetic beads. The binding between Ara h 2/6 and the beads appeared to occur through ionic interactions because Ara h 2/6 could be released from the beads by 1 mol/L NaCl whose function was to disrupt ionic interactions.
Similarly, using 1 mol/L NaCl resulted in the recovery of cashew allergen Ana o 3 from the beads.
The third method involved extraction of a partially defatted commercial roasted peanut flour at pH 7 or 3 to obtain a peanut extract without Ara h 1 but with Ara h 2/6. Our results demonstrated that extraction at pH 7 or 3 resulted in medium-roasted peanut extract lacking Ara h 1. In contrast, extraction at pH 8.5 led to the appearance of Ara h 1 in both extracts. The finding suggests that pH played a significant role in the extraction of Ara h 1 from this particular peanut flour. The matrix components in the flour may have played a role in our findings -that is, they may have bound to Ara h 1 via ionic interactions, and at pH 8.5 this ionic interaction was disrupted (like separation in ion exchange chromatography), thus releasing Ara h 1 from the matrix into the extract. It should be noted that this method (extraction at pH 7 or 3) to obtain a peanut extract lacking Ara h 1 applied only to the present commercial peanut flour. We observed that the method would not apply to roasted peanut meals or other peanut flours where the extracts contained both Ara h 1 and Ara h 2 (see Figure 1 , lane 3).
Despite the lack of some proteins, the nutritive value of peanut or cashew extracts may not be a concern because as stated in the Introduction, extracts with reduced allergens are likely to be used in immunotherapy as an alternative to the whole extracts.
| CONCLUSION
We describe three simple methods (i.e., pABA, magnetic beads, and extraction at pH 7) to produce peanut extract that lacked Ara h 1 but contained Ara h 2/6. Glycine could be used as a substitute for pABA to remove Ara h 1 only if a PEG derivative (i.e., NHS-PEG-COOH) was included. Extraction at pH 7 to produce a peanut extract without 
ACKNOWLEDGMENTS
The author thanks Sophia Wojkowski for technical support.
CONFLICT OF INTEREST
There is no conflict of interest to declare.
